Thick film resistors are widely used in microelectronic devices, however the mechanism of electrical conduction in these resistors has not yet been fully understood. In particular the anomalous behaviour of the temperature coefficient of resistance (T.C.R.) vs. temperature for a purely ohmic resistor has not been explained. The anomaly is that the T.C.R. is negative at low temperatures, is zero around room temperature and becomes positive at higher temperatures.
INTRODUCTION
The use of thick film technology to fabricate resistors in hybrid circuits is well established. Nevertheless until now the physical models proposed to describe the electrical conduction mechanism in thick film resistors -9 are unconvincing.
It is required to explain how a purely ohmic resistor can exhibit an anomalous behaviour of the temperature coefficient of the resistance (T.C.R.) vs. temperature: as shown in Figure 1 , where the normalized conductivity is plotted vs. temperature, the T.C.R. of a thick film resistor is negative at low temperatures, it becomes zero around room temperature and turns positive at higher temperatures.
The first attempts to explain this anomaly 2,3 were based on the idea that conclusions about the conduction mechanisms in transition oxides could be extended to thick film resistors. With this approach the T.C.R. anomaly found a qualitative interpretation. However the model failed to provide a 77 quantitative fitting to the experimental data on PdO/Ag based resistors. A satisfactory fitting of those experimental data was obtained by Kahan 4 whose approach consisted in completing the model elaborated by Brady and based on the conductivity characteristics of semiconductive oxide grains. Brady assumed the oxide grains to be submitted to a pressure applied by the glassy matrix and dependent upon the temperature. Kahan also took into account the contribution to the current flow due to metallic grains. One of us 6 has already pointed out that Brady-Kahan model was based on six independent assumptions with no possibility for these to be checked independently. Moreover it was shown that Eqs. and 2 for conductivity fitted the experimental data used by Kahan (9) (10) and T.C.R. becomes zero for a temperature such that Tmin 25---- temperature as shown in Figure 3 .
EXPERIMENTAL EVIDENCES
A set of measurements was performed on Bi2Ru207 based thick film resistors. The connections to these resistors were provided by screen and fired PtAubased conduction films.
All the resistors had a constant width of 2 mm, they were printed at the same nominal thickness and fired under the same temperature profile. In Figure 2 In R/T is plotted vs. (l/T) 1/4 for different sheet resisfivifies. In Figure 3 the plot of R/Rmin vs. T is shown.
In Table the Table I ). The approach discussed here and based on a conduction mechanism by electron percolation does not allow us to determine the proportionality factor in Eq. (9). 5 
CONCLUSIONS
The electron percolation theory as proposed by Ambegaokar et al. 11 provides a very simple and credible interpretation of the conduction mechanism in a thick-film resistor. The apparently anomalous T.C.R. vs. temperature behaviour finds an immediate explanation in the frame of this theory. It has been checked that the matching between theory and experiments holds also for resistor compositions other than Bi RuzO7 based ones as the extended series of tests was limited to Bi2Ru=O7 based resistors due to their stability and reproducibility.
It is not surprising that a theory dealing with disordered systems can be applied to thick-film structures. Moreover, further investigations, still underway, indicate that the assumption of a site density, Po, constant through the film and expressing an average order in the disordered configuration, is only a first order approximation.
At least in the range of high sheet resistivity, the T.C.R.'s are dependent upon resistor aspect ratios and such a dependence might find an explanation in the frame of electron percolation theory by introducing some unhomogeneity in the site density. However, more work is necessary to confirm these preliminary observations.
